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(54) Ion mobility spectrometer and method of operation for enhanced detection of narcotics 



(57) An ion trap mobility spectrometer (ITMS) and 
method ol operation are provided for enhanced detection 
of narcotics in an air sample. The air sample is transport- 
ed by a carrier gas with a low concentration of a dopant 
that has a basicity beiween the relative basicity of said 
carrier gas and the narcotic. 
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Description 

The present invention relates generally to ion mobil- 
ity spectrometers, and more particularly to ton trap mo- 
bility spectrometers and their method of operation for the 
improved detection of alkaloids, such as narcotics. 

Ion mobility spectrometers are used to detect low 
volatility atmospheric vapor given off, tor example, by ex- 
plosives or narcotics. An early ion mobility spectrometer 
intended for these purposes is shown in U.S. Pat. No. 
3,699,333 which issued to Cohen el al in 1 972. 1 mproved 
ion m obility spectrometers are shown in U.S. Pat. No. 
5,027,643 and U.S. Pat. No. 5,200,614 which issued to 
Anthony Jenkins and a re assigned to the assignee of the 
present invention. 

The ion mobility spectrometer shown in U.S. Pat. 
No. 5,200,61 4 carries a sample vapor intoadetector inlet 
on a carrier gas. such as a stream of air or nitrogen. The 
carrier gas may be doped with a low concentration vapor 
(typically a lew parts per million) employed as a charge 
transfer mediator. Sample molecules ol interest are fed 
through an inlet and a ditfuser, and into an ionization 
chamber. A radioactive material, such as nickel 63 , or tri- 
tium, is disposed in the chamber. Upon passing through 
the ionization chamber, tho ionized sample vapor exits 
through an open grid into an ion drift region having sev- 
eral field-defining electrodes. A collector electrode or 
plate is disposed at the end of the drift region of the prior 
art spectrometer. The grid electiode is normally main- 
tained a: the same potential as the walls of the ionization 
chamber to provide a largely field-free space in which 
electrons and ion charges build up and interact with the 
-sampiB-iiiQle^uie5djn der bombardment by the beta-par- 
tides from the radioactive walls. Periodically a field is es- 
tablished across the ionization region, for about 0. 1 -0.2 
mS, to sweep the ions into the drift region with the as- 
sistance of the switching of the field between electrodes. 
The ions in the drift region experience a constant electric 
field, maintained by the annular electrodes. This impels 
them along the drift region and down toward the collector 
electrode to be detected and analyzed through their 
spectra in the prior art spectrometer. After about 0.2mS 
the field across the ionization region is again reduced to 
zero and the ion population is again allowed to build up 
in the chamber preparatory to the imposition of tho next 
field. The polarity of the fields will bo chosen on the basis 
ol whether the detector is operated in a negative or pos- 
itive ion mode. When detecting explosives, a negative 
ion mode is usually preferred. 

To detect narcotics using ion mobility spectrometers, 
the sample vapor is typically carried into the detector on 
a stream of air which may be doped with a low concen- 
tration, typically a few parts per million, ol nicotinamide 
vapor aft a charga_lmnsf ar mediator. This dopant com- 
pound is well-known in the life sciences as a molecule 
which exhibits proton affinity, i.e.. it acts chemically as a 
base. Most of the ions produced, by the action of the be- 
ta-particles from the radioactive walls on the nitrogen 



and other gases in the ionization chamber, have a lower 
proton affinity than nicotinamide so that the positive 
charge. In the absence of narcotic vapor, is ultimately 
transferred to the nicotinamide. This has the effect ol 

5 cleaning up the spectrum obtained from sampling air that 
is free of narcotic vapors and gives rise to a large single 
peak in the spectrum which can be used tor calibration 
of the spectrometer 

Most narcotic subsiancesare alkaloid and have con- 

70 siderable proton affinity, i.e. : enough to exchange with 
the positive charge on the nicotinamide and yield alkaloid 
positive ions. This process, however, is not very efficient 
and only a few narcotic molecules are ionized in tradi- 
tional ion mobility spectrometers. The spectrometer de- 

?s scribed in the U.S. Pat. No. 5,200,614, which may be 
characterised as an ion trap mobility spectrometer 
(ITMS). is more sensitive than the traditional ion mobility 
spectrometer (IMS) but still is much less sensitive to nar- 
cotics when operated in positive ion mode than it is to 

20 explosives when operated in negative ion mode. 

It is therefore a problem in the art to achieve a de- 
sirable sensitivity in IMS devices for the reliable detection 
of alkaloids, such as narcotic vapors. 

It is accordingly an object of tho present invention to 

2S provide an improved vapor sensor and spectrometer ar- 
rangement that overcomes the operating sensitivity lim- 
itations of the prior art IMS sensor systems, particularly 
when detecting narcotic vapors. 

It is another object of me invention to provide an Im- 

30 proved method and means for using IMS devices in the 
positive ion mode of operation to reliably delect narcotic 
vapors and the like. 

It is also an object of the invention to provide a meth- 

od for producing positive ions by proton capture in basic 

36 gases such as low volatility narcotic vapors. 

H is a f urtherobject of the invention to utilize an ITMS 
sensor arrangement to achieve improved sensitivity and 
reliably detect narcotic vapors with a minimum of modi- 
fications to its conventional operation. 

*o The present invention involves a sensing system for 
detecting low volatility atmospheric vapors and particu- 
larly narcotic vapors Irom substances such as alkaloids 
and other drugs or like controlled substances. The sen- 
sor of the subject invention may be an ITMS sensor slm- 

45 ilar to the one described in above-noted U.S. Pat. No. 
5,200,614. However, the ITMS of the subject invention 
is used in the positive ion mode to achieve Improved de- 
tection of alkaloids and other drugs. Prior to this inven- 
tion, It was assumed in this art that positive ions pro- 

so duced by a toss of an electron from a neutral molecule 
would act similarly to positive ions produced by proton 
capture. It has been found, however, that positive tons 
produced by proton capture will transfer charge much 
more readily than positive ions produced by the loss ol 

5s an electron. Additionally, the invention is based on the 
finding that the amines, of which most illicit narcotics are 
constituent, are near the top of Ihe hierarchy with respect 
to their ability to capture protons from other positive bos. 
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These alkaloids typically are considered 10 be trisubsli- 
tutad alkylamhes exiracled from plants. They have been 
found to act as the strongest bases in the gas phase and 
will even cause toe transfer ot positive charge from other 
highly basic amine compounds, suchasamrroniafNHj). 
if given sufficient time to reach equilibrium. The ITMS of 
the subject invention and its method of opeiation allows 
all species to achieve equilibrium in a field-free space. 
This enables exceptional detection of alkaloids and other 
drugs of abuse. 

In addition, it has bean found that the sensitivity of 
Uie ITMS sensor in the positive ion mode can be further 



enhanced by providing an abundance of protons as the 
charge transfer medium. These are produced by the ac- 
tion of a radioactive source in Ihe ionization chamber on 
an Inert carrier gas, such as hydrogen, an inert gas con- 
taining hydrogen, or helium (He). The efficiency of ioni- 
zation of most organic molecules Is Increased dramati- 
cally by this invention. The advantage of Increased sen- 
sitivity, however, would be offset by the increased con- 
fusion from compounds which give rise to peaks in the 
ion spectrum whichare of no interest. This would amount 
to trading off selectively to achieve sensitivity. To over- 
come this potential problem, dopam molecules may be 
added to lha carrier gas stream at low concentration to 
clean up the spectrum. The dopant molecules are select- 
ed 10 sit between the relative basicity of the hydrogen 
carrier and the alkaloid molecules of interest. Preferably, 
the dopant is selected to have a basicity which is con- 
siderably greater than most known interleranl mole- 
cules, but a sufficiently lower basicity than the alkaloid 
molecules of interest. At equilibrium in a non-alkak>id 
background, the ion spectrum will show only ion paaks 



the inlet 22 communicates with a source of sample air of 
interest 14 and a supply of carrier gas and dopant 16, 
with flows of gases to the inlet 22 being enabled by a 
flow generator such as a pump illustrated schematically 

5 and identified by the numeral 18 in Fio. 1. The sample 
air, carrier gas : and dopant molecules pass through the 
inlet 22 and are spread by a diffuser 24 into ionisation 
chamber 26. The ionization chamber 26 is in the form of 
a shallow cylinder with a diameter D, length L and cylin- 

10 drical wall 28 of a radbactive material, i.e., nickel 83 or 
tritium, which emits beta particles. Inlet 22 communi- 
cates with one end of the Ionization chamber 26. A grid 



electrode E 1 is provided at the end opposite the inlet 22, 
and is normally maintained at the same potential as the 
1* inlet end and the walls of the ionizationchamber26. Thus 
a largely field-free space is provided in which electrons 
and ion charges build up and interact with the sample 
molecules under bombardment by the beta-particles 
from the radioactive walls. Beyond the ionization cham- 
20 ber 26, the ionised sample gases pass thiough open 
electrode E-j and into an ion drift region 30 having several 
field delining electrodes E 2 - E n . A collector electrode or 
plate 02 is disposed at the end of the drift region GO lor 
receiving the ion samples reaching thai end. 
** Periodically a field is established across the ioniza^ 
tion region 26. by creating a potential difference between 
the grid electrode E 1 and the inlet diffuser 24 and radio- 
active source 28, for about 0.1-0.2 mS, to sweep the ions 
through th8 open grid E., into the drift region 30 with the 
30 assistance of the switching of the field between elec- 
trodes E 1 and E e . The ions in the drift region 30 experi- 
ence a constant eledric field : maintained by the annular 
electrodes £ g - E n , impelling them along Ihe region and 



associated with the dopant species. When narcotic va- 
pors are present in Ihe air sample, charge transfer be- 
tween the dopant molecules and the narcotic molecules 
yields a population of narcotic ions which are subse- 
quently detected by their spectrum. Suitable dopants for 
this application include ammonia (NH3) and nicotina- 
mide, which have relative advantages and disadvantag- 
es as described below. 

The present invention will be described in more de- 
tail below with reference to the accompanying drawings 
in which: 

Fig. 1 is a cross-sectional view of an ITMS detector 
for use in the system of the present invenlion: and 

Fig. 2 is a schematic diagram of a system for sup- 
plying gases to the detector of Fig. 1 . 

An ion trap mobility spectrometer (ITMS) in accord- 
ance with the subject invention is shown in Fig. 1. The 
ITMS of Fig. 1 comprises a cylindrical detector 20 having 



an inlet 22 at one end lor receiving sample air of interest 
borne by a carrier gas that has been doped with a low 
concentration vapor (typlcalry a few parts per million) em- 
ployed as a charge transfer mediator. More particularly, 



down toward the collector electrode 32. The electrode 
3S 32 detects the arriving charge, and produces signals that 
are amplified and analyzed through their spectra in the 
spectrometer. The gases exit through an outlet 34 in the 
wallnext to th 9 electrode 32. After about 0.2 mS the field 
across the ionization region 26 is again reduced to zero 
*0 and the ion population is again albwec to build up in the 
chamber 26 preparatory to !he imposition of the next 
field. The polarity o! the fields is chosen on the basis of 
whether the detector is operated in a negative or posrtive 
ion mode. When detecting explosives, a negative Ion 
45 mode Is usuaHy appropriate, but when detecting narcotic 
samples positive ion mode is preferred. 

As noted above, It has been found that positive ions 
produced by proton capture will transfer uliarge much 
more readily than positive ions produced by the loss of 
SO an electron. Further, it is appreciated that amines, which 
Include most illicit narcotics : have a very great ability to 
capture protons from other positive ions. Importantly, al- 
kaloids are typically considered to be tri6ubetituted 
alkylamine extracted from plants, and act as Ihe 6trong- 



55 est bases in the gas phase so that they will even cauB© 
the transfer of positive charge from other highly basic 
amine compounds, such as ammonia (NH a ), if given suf- 
ficient time to reach equilibrium. The ITMS shown in Fig 
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1 allows all species to approach equilibrium in a fiold-freo 
space, and hence is particularly suitable for use in a pos- 
itive ion mode to achieve improved detection of alkaloids 
and many other drugs of abuse. In addition, it has been 
found that the sensitivity of the ITMS sensor shown in 
Fig. 1 , when operated in the positive ion mode, can be 
further enhanced for narcotics detection by providing an 
abundance of protons as the charge transfer medium. 
This is achieved in accordance with the present embod- 
iment by using hydrogen, or some inert gas obtaining a 
concentration of hydrogen, as the carrier gas Irom which 
protons will be produced by the action of the radioactive 



tho onclosure from a rogulatod source 44 : through reg- 
ulator 45, as needed. 

In some embodiments, the apparatus can further in- 
clude a healed membrane in communicatan with the 
5 sample ol air for blocking passage of at least selected 
constituents of Ihe air and for enabling passage of other 
constituents of the air, including the constituents of inter- 
est. The membrane can be made, for example, of dime- 
thyl silicone or can be a microporous refractory material. 

w 

Claims 



source in the ionization chamber. The efficiency of ioni- 
zation of most organic molecules is increased dramati- 
cally by this approach. 

The increased sensrtivily achieved by the subject in- 
vention is potentially offset by increased confusion from 
interfering compounds which gk/e rise to anomalous 
peaks in the ion 6pectrum produced by th a spectrometer. 
This potential drawback is avoided with the subject in- 
vention by adding dopant molecules to the carrier gas 
stream at low concentration. These dopant molecules 
function to clean up the spectrum. Tho dopant molecules 
effectively sit between the relative basicity ol the protons 
in the carrier and the target alkaloid molecules. Ideally, 
the dopant selected has a basicity which is considerably 
greater than most known interterant molecules, but has 
sufficiently lower basicity than the alkaloid molecules of 
interest to be detected. Consequent, at equilibrium In 
a non-alkatoid background, the ion spectrum will show 
only ion peaks associated with the dopant species. 
When narcotic vapors are then added to the air stream. 
charge transfer between the dopant molecules and the 



1 , An apparatus for detecting at least one constituent 
'5 of interest in a sample of air. the constituent of inter- 
est having a basicity In a known range, said appa- 
ratus comprising: 

a source (42) of a carrier gas having a basiciiy 
less than the basicity ol the constituent of interest; 
*° a source (44) of a dopant having a basicity 

between the basicity of the carrier gas and tho basic- 
ity of the constituent of interest; 

mixing means (40) in communication with the 
source (42) ol the carrier gas and Ihe source (44) of 
25 the dopant for adding a low concentration of tho 
dopant to the said carrier gas; 

a passage (22) in communication with said 
mixing means and said sample ol air: 

pump means (1B) in communication with the 
3Q mixing means (40) and the sample of air for creating 
a flowing effluent stream comprised of the carrier 
gas. the dopant and at least portions of the sample 
of air, and 



narcotic molecules yields a population of narcotic ions 
which are subsequently detected by their spectrum. One 
suitable dopant for this application is ammonia (NH 3 ). It 
has a high proton affinity and a strong enough base as 
not to be affected by most interterant compounds, yet, it 
Is significantly less basic than trisubslituted amines, such 
as cocaine. Nicotinamide is another such dopant, but 4 
has a disadvantage in that it is physically a much larger 
molecule than ammonia, and hence can mask the other 
peaks in the spectrum in the same mass range. In either 
event, the use ot these dopant compounds in the system 
provide both a more sensitive and an extremely more 
selective method ol detection. 

As seen in Fig. 2, the sample stream additives, be- 
tore entering the flow passageway or inlet 22, may be 
mixed in a sealed enclosure 40 Irom which they are dis- 
pensed in a controlled manner. Enclosure 40 is ol a se- 
lected volume and the earner gas flow from a source 42 
is directed through the enclosure at a selected rate there- 
by generating a specific dopant level in the effluent gas 
stream. The enclosure 40 ha6 a temperature control de- 



an ion trap mobility spectrometer (20) in corn- 
as munication with the effluent stream for detecting 
whether the constituent o! interest is in the sample 
of air. 

2. An apparatus as in claim t , wherein sab carrier gas 
40 Is an inert gas comprising or consisting of hydrogen. 

3. An apparatus as in claim 1 , wherein the dopant com- 
prises ammonia. 

4. An apparatus as in claim 1. wherein the mixing 
means comprises an enclosure (40) ol a known vol- 
ume into which said dopant is directed, said pump 
means being operative to urge said carrier gas 
through said enclosure (40) at a selected rate for 

so generating a selected dopant concentration level in 
the combined flow of the carrier gas and the dopant. 

5. An apparatus as in claim 5. further comprising tenv 
perature control means (41) in said enclosure (40) 



vice 41 to adjust the dopant concentration released into 
the carrier gas and a pneumatic restrictor 43 to prevent 
surges in flow due to pressure differentials caused by the 
carrier gas source 42. Fresh dopant compound is fed to 



SB 



for adjusting the diffusion rate of dopant in the enclo- 
sure, and thereby controlling the concentration of 
the dopant In the carrier gas. 
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6. An apparatus as In any of claims 1 io 5, whs rein the 
ion 1rap mobility spedrometer (20) comprises ioniz- 
ing means (28) for bombarding said effluent stream 
with beta particles for producing protons from the 
carrier gas in the effluent stream. s 

7. An apparatus as claimed in claim 6, wherein said ion 
trap mobility spectrometer further comprises a drift 
region (30) adjacent said ionization chamber and 
means in portions of said drift region adjacent said to 
ionization chamber for maintaining said ionization 
chamber a field-free space for sufficient periods of 
lime to enabfe at least selected ones of the protons 
separated from the carrier gas to attach to molecules 

of said dopant and to molecules ol any constituent *s 
of interest present in the sample of air. 

8. An apparatus as in claim 1, lurther comprising a 
heated membrane in communication with the sam- 
ple of air (or blocking passage of at least selected 20 
constituents of the air and for enabling passage of 
other constituents of the air, including the constitu- 
ents of interest. 

9. — An a p pa rat us a^-in-claim 3,-vvher en the-membrane — 25- 



temperature-controlled enclosure and directing said 
carrier gas through said enclosure at a sefectedrate, 
such that the carrier gas comprises the dopant for 
the enclosure at a known concentration, 

14. A method as in claim 10, wherein the step of adding 
a dopant to the carrier gas comprises adding nicoti- 
namide as the dopant. 

15. A method as in claim 10, wherein the constituent of 
interest is an alkaloid, and wherein the carrier gas 
and the dopant are selected to have basicities less 
than the alkaloid. 

16. A method as in claim 10, wherein the step of direct- 
ing said effluent stream to said ion mobility spec- 
trometer comprises bombarding said effluent 
stream with beta-particles to produce protons and 
electrons from said carrier gas, and maintaining said 
effluent stream in a field-free space for a sufficient 
time to form positive ions with any molecules of said 
consistent ol interest present in the sample of air 
for subsequent detection in eaid ion mobility spec- 
trometer. 



is comprised of dimethyl silicone or the membrane 
is a microporous refractory material. 

10. A method of using an ion mobility spectrometer for 



17. A method as in claim 10. wherein said on mobility 
spectrometer is an ion trap mobility spectrometer 
having an ionization chamber with a cylndncal wall 
of radioactive material, a grid electrode at one end 



testing for the presence of at least one constituent 
ol interest in a sample of air, said consistent of inter- 
est having a basicity in a known range, said method 
comprising the steps of: 



30 



of said ionization chamber, a drift chamber in prox- 
imity lo said grid electrode and extending from said 
ionization chamber and a collector electrode at a 
location in said drift chamber spaced from said grid 



providing an inert carrier gas which has a 
basicity less than the basicity of said constituent of 
interest; 

adding to said carrier gas a low known con- 
centration of a dopant having a basicity between the 
basicity ol said carrier gas and the basicity of the 
consistent of interest; 

directing said carrier gas and said dopant into 
proximity to saidair to be testad, such that said sam- 
ple of air combines with said carrier gas and said 
dopant as an etfluent stream; and 

directing said effluent stream into an ion mobil- 
ity spectrometer to test for the presence of said con- 
stituent of interest. 



35 



40 



45 



electrode, said step of directing said effluent stream 
lothe ion trap mobility spectrometerfurthercompris- 
tng the steps of: 

forming protons and electrons from the carrier 
gas in the ionization chamber; and 

maintaining the grid electrode and the ioniza- 
tion chamber at the same potential to define a sub- 
stantially field-free space for a sufficient time to ena- 
ble the pjotons formed in the ionization chamber to 
attach to molecules of the constituent of interest; and 

changing the potential on said grid electrode 
to sweep the positively ionized constituents of inter- 
est through said grid electrode : into said drift cham- 
ber and toward said collector electrode for detection. 



11. A method as in claim 10, wherein the stepol provid- 
ing an inert carrier gas comprises providing a carrier so 
gas which comprises hydrogen. 

12. A method as in claim 10, wherein (he step of adding 
a dopant to the carrier gas comprises adding ammo- 
nia as the dopant, ss 



13. A method as in claim 10, wherein the step of adding 
tha dopant comprises directing said dopant into a 
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